ABSTRACT
considered, and the densities of economy or population were simply applied to downscale or 30 allocate the emissions. With more accurate spatial distribution of emissions at city level, the 31 simulated concentrations using the provincial inventory were much closer to observation. 
INTRODUCTION

42
With rapid development of economy and growth of energy consumption, eastern China is 43 experiencing severe atmospheric pollution attributed to the large emissions of primary air 44 pollutants and the subsequent formation of secondary pollution, e.g., fine particles and O 3 .
to downscaled national inventory that generally applied regional average levels of emission 89 factors due to unavailability of data (Zhao et al., 2015) . The benefits of improved emission 90 estimation, spatial and temporal distribution, or chemical speciation of pollutants, however, 91 have not been sufficiently confirmed with CTM. Recently, Yin et al. (2015) conducted CMAQ 92 simulation on O 3 using updated VOC emission inventory for PRD, implying that the reduced 93 uncertainties of total emission level and spatial distribution could improve the model 94 performance compared with ground observation. 95 We select Jiangsu, a typical province with well-developed industry in eastern China, to the capital city, Nanjing. Clear uncertainties exist in current multi-scale emission inventories.
DATA AND METHODS
119
Methodology of provincial emission inventory development
120
The emissions of gaseous pollutants (SO 2 , NOx, CO, NH 3 and VOCs), greenhouse gas 121 CO 2 , particulate matter (total suspended particulates (TSP), PM 10 and PM 2.5 ) and its chemical Table S1 in the supplement. For each category, point, mobile 131 and area sources were defined depending on the detailed levels of information and the 132 emission characteristics, For point sources, information on emission factor and activity level Figure S2 in the supplement. In particular, the kilns for combustion and factories for 158 calcination were separately investigated for cement production, and 25% of cement plants 159 contained the both processes. For power, cement, and iron & steel sectors, the aggregated 160 activity levels compiled plant by plant, i.e., the coal consumption of power generation, and 161 the production of cement, clinker, coke, pig iron, and crude steel, were estimated at 108%, 162 95%, 120%, 109%, 104%, and 98% of the provincial statistics, respectively (JSNBS, 2013). 163 The comparison indicates, on one hand, that larger activity levels would be obtained based on 164 detailed investigation of individual emission sources than official statistics for power and 165 most processes of iron & steel sectors. On the other hand, almost completed investigation on 166 point sources was conducted for those sectors, as very small fractions of activities (5% for 167 cement and 2% for steel production) had to be estimated as area sources. For other industrial 168 sectors, smaller fractions of point sources were obtained, e.g., 32% and 36% for ammonia and 169 sulfuric acid production, respectively. 
Emission factor
188
Following previous studies (Zhao et al., 2008; 2012a; 2012b (Table S2) .
217
For area sources, emission factors for non-road transportation were obtained from Zhang for the whole province, the temporal distribution of emissions from on-road vehicles in other 230 cities was considered to the same as Nanjing (Zhao et al., 2015 For industry, ammonia production was the main source accounting for half of NH 3 emissions.
363
The spatial distribution of SO 2 , NOx, CO, PM 2.5 , VOCs and NH 3 emissions at a 364 resolution of 3×3km were illustrated in Figure NOx emissions in our provincial inventory was slightly higher than those of Li et al. VCDs in summer were used due to the short lifetime of NO 2 in atmosphere at high i.e., top 50%, 50%-75%, and last 25%. 
Evaluation of multi-scale inventories with CMAQ
554
As mentioned in Section 2.5, anthropogenic emission inventories at provincial, regional 555 and national scales were applied respectively to explore the impacts of emission input on the 556 performance of city-scale air quality simulation using CMAQ. Xianlin (XLS) and Olympic sports center (OSC)) were applied to evaluate the simulation 566 performances with different emission inputs (see locations of the nine sites in Figure 1 ).
567
The hourly ground concentrations from observation and CMAQ simulation for October 568 2012, expressed as the averages for all the monitoring sites in Nanjing, were compared and 569 illustrated in Figure S4 in within Jiangsu using MEIC were notably lower than those using the latter two emissions. emissions at given monitoring sites were extracted from the gridded national, regional and 698 provincial inventories and summarized in Table 3 . As most large SO 2 emitters were located in 699 suburban or rural areas, relatively small emissions were found in the provincial inventory for 700 downtown Nanjing where the monitoring sites were located. As large fractions of emissions 701 were allocated by the density of economy and population, however, the SO 2 emissions in the respectively. The changes in simulated PM 2.5 ground concentrations in S1, S2, and S3 729 compared to those in base case for October 2012 are illustrated in Figure S7 in the supplement.
730
The average concentration increments in urban area of Nanjing caused by power, iron &steel, 731 and cement plants were calculated respectively at 3, 11 and 7 μg/m 3 , accounting for 6%, 26% Note: NMB and NME were calculated using following equations (P and O indicate the results from modeling prediction and observation, respectively): 
